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FIG.2
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FIG.3
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FIG.4
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FIG.11
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MEDICAL IMAGE CONTROL SYSTEM AND
MOBILE TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/JP2012/068473, filed on Jul. 20, 2012 which
claims the benefit of priority of the prior Japanese Patent
Application No. 2011-161225, filed on Jul. 22, 2011, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

Embodiments described herein relate generally to a medi-
cal 1mage control system and a mobile terminal.

BACKGROUND

Recently, doctor shortage has become a serious problem
in medical institutions, and medical support systems have
emerged as one of countermeasures. A remote medical
support system 1s a system that supports a medical inter-
vention 1n a hospital, mainly by providing a remote access
to an apparatus installed 1 (hereinafter, referred to as
“in-hospital”) the hospital.

When an emergency case occurs in the midnight, for
example, conventionally, 1t has been common for doctors on
duty to rush into the hospital despite being the middle of the
night, or to give mstructions to stails in the hospital over a
telephone providing only voice data. The emergence of
remote medical support systems has enabled doctors to
access an in-hospital apparatus from their home, business
trip destinations, or the like, and to view information such as
image data using a personal computer (PC). As mobile
terminals such as mobile phones or tablet PCs have become
more widespread, coming to be desired 1s a system that can
support a medical mtervention in the hospital while a doctor
1s traveling on a car or a bullet train, for example, without
any limitation to homes and business trip destinations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic for explaining the concept of a
medical 1image control system according to a first embodi-
ment,

FIG. 2 1s a schematic for explaining an exemplary con-
figuration of the medical image control system according to
the first embodiment;

FIG. 3 1s a flowchart 1llustrating an example of a process
performed 1n the first embodiment;

FIG. 4 1s a schematic for explaining the concept of a
medical 1mage control system according to a second
embodiment;

FIG. 5 1s a schematic for explaiming the concept of the
medical 1mage control system according to the second
embodiment;

FIG. 6 1s a schematic for explaining the concept of the
medical 1mage control system according to the second
embodiment;

FIG. 7 1s a schematic for explaining an exemplary con-
figuration of the medical image control system according to
the second embodiment:

FIG. 8 1s a sequence chart illustrating an example of a
process 1n the second embodiment;
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FIG. 9 1s a sequence chart 1llustrating an example of a
process 1n the second embodiment;

FIG. 10 1s a schematic for explaining a variation of the
second embodiment;

FIG. 11 1s a schematic for explaining a risk table 1n a third
embodiment;

FIG. 12 1s a schematic for explaining a limitation 1n a
function made available for remote control in the third
embodiment;

FIG. 13 1s a schematic for explaining a limitation 1 a
function made available for remote control in the third
embodiment; and

FIG. 14 1s a schematic for explaining a varnation of a

limitation 1n functions made available for remote control 1n
the third embodiment.

DETAILED DESCRIPTION

A medical image control system includes a medical image
diagnostic apparatus and a mobile terminal. The medical
image diagnostic apparatus includes a collecting unit, a
distributing unit, and a retlecting unit. The collecting unit
captures a subject based on predetermined 1image capturing
conditions to collect time-series 1mage data. The distributing
umt distributes the time-series image data to the mobile
terminal at least when the collecting unit collects the time-
series 1image data. The reflecting umit receives control infor-
mation transmitted by the mobile terminal, and reflects the
received control information to a process performed by the
medical 1image diagnostic apparatus. The mobile terminal
includes a replaying unit and a control information trans-
mitting unit. The replaying unit receives the time-series
image data distributed by the distributing unit, and replays
the received time-series image data. The control information
transmitting unit recerves an operation related to the medical
image diagnostic apparatus, and transmits control informa-
tion 1indicating the received operation to the medical image
diagnostic apparatus.

Embodiments of a medical image control system and a
mobile terminal will now be explained in detail with refer-
ence to the accompanying drawings.

First Embodiment

FIG. 1 1s a schematic for explaining the concept of a
medical 1image control system according to a first embodi-
ment. As 1illustrated 1n FIG. 1, the medical image control
system according to the first embodiment includes a medical
image diagnostic apparatus 20 and a mobile terminal 30. The
medical 1mage diagnostic apparatus 20 distributes time-
series 1mage data to the mobile terminal 30 1n real time. In
other words, the medical image diagnostic apparatus 20
captures a subject to collect time-series 1mage data, and
distributes the time-series 1image data to the mobile terminal
30 at least when the medical image diagnostic apparatus 20
collects the time-series 1mage data.

In the first embodiment, the mobile terminal 30 receives
an operation related to the medical image diagnostic appa-
ratus 20, and transmits control information indicating the
received operation to the medical image diagnostic appara-
tus 20. For example, when the medical image diagnostic
apparatus 20 1s an X-ray diagnostic apparatus, the mobile
terminal 30 receives an operation for setting a C-arm angle
as an operation related to an 1mage capturing condition for
the medical image diagnostic apparatus 20, as 1llustrated in
FIG. 1, and transmits the received information designating
the angle to the medical 1image diagnostic apparatus 20.
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Upon receiving the setting information, the medical image
diagnostic apparatus 20 reflects the C-arm angle designated
by the mobile terminal 30 to the image capturing condition,
and then captures 1images.

As another example, the mobile terminal 30 receives an
operation editing the time-series image data (e.g., an X-ray
image) distributed by the medical image diagnostic appara-
tus 20, as illustrated in FIG. 1 (for example, an operation of
drawing a region-of-interest (ROI)), transmits the editing
information thus received to the medical 1image diagnostic
apparatus 20. Upon receiving the editing information, the
medical image diagnostic apparatus 20 retlects the recerved
editing information to the time-series 1mage data being
replayed by the medical image diagnostic apparatus 20. For
example, the medical 1mage diagnostic apparatus 20 dis-
plays the ROI drawn on the mobile terminal 30 on the
time-series 1image data being replayed on a console monitor
included in the medical image diagnostic apparatus 20.

FIG. 2 1s a schematic for explaining an exemplary con-
figuration of the medical image control system according to
the first embodiment. As 1llustrated in FIG. 2, the medical
image diagnostic apparatus 20 and the mobile terminal 30
are connected over a network 50. For example, the mobile
terminal 30 accessible to the Internet over a wireless local
area network (LAN), a mobile phone network, or the like
accesses the medical i1mage diagnostic apparatus 20
deployed 1n an in-hospital LAN over the Internet. When the
medical 1mage control system 1s realized 1n an environment
closed within the hospital, the mobile terminal 30 accesses
the medical image diagnostic apparatus 20 via the in-
hospital LAN, for example.

The medical image diagnostic apparatus 20 includes a
communicating unit 21, a main unit controller 22, a storage
unit 23, a display unit 24, an mput unit 25, an i1mage
capturing unit 26, a reconstructing unit 27, a computing unit
28, and a remote apparatus computing unit 29q.

The communicating unit 21 1s an interface on the medical
image diagnostic apparatus 20 connecting to the in-hospital
LAN. The communicating unit 21 connects to the hospital
L.AN or to the Internet external to the hospital via network
devices such as a hub, and communicates with the mobile
terminal 30.

The main unit controller 22 1s an electronic circuit such as
a central processing unit (CPU) or a micro-processing unit
(MPU), or an integrated circuit such as an application
specific integrated circuit (ASIC) or a field programmable
gate array (FPGA), and controls the overall processing units
included 1n the medical image diagnostic apparatus 20. The
main unit controller 22 includes a distributing unit 22a and
a retlecting unit 225.

The distributing umt 22q distributes time-series 1mage
data collected by the image capturing unit 26 and then
generated by the reconstructing unit 27 and the computing
unit 28 to the mobile terminal 30 in real time using a
push-based technology. In other words, the distributing unit
22a distributes the time-series 1mage data to the mobile
terminal 30 at least when the image capturing unit 26
collects the time-series image data. The distributing unit 22a
may be realized using a known streaming technology (e.g.,
the Real Time Streaming Protocol (RTSP)) or a progressive
download technology.

The reflecting unit 225 receives control information trans-
mitted from the mobile terminal 30, and reflects the received
control information to a process performed by the medical
image diagnostic apparatus 20. For example, when the
reflecting unit 225 receives information for setting an 1image
capturing condition (for example, information designating

5

10

15

20

25

30

35

40

45

50

55

60

65

4

an angle of the C-arm) from the mobile terminal 30, the
reflecting unit 226 reflects the setting information thus
received to the image capturing condition used by the
medical image diagnostic apparatus 20. As another example,
when the reflecting unit 225 receives information for editing
time-series 1image data (for example, information for editing
an ROI) from the mobile terminal 30, the reflecting unit 225
reflects the editing information thus received to the time-
series 1mage data replayed by the medical image diagnostic
apparatus 20.

The storage umit 23 1s a hard disk, a semiconductor
memory, or the like, and stores therein various types of
information 1n the medical image diagnostic apparatus 20.
For example, the storage unit 23 stores therein image
capturing conditions used by the image capturing unit 26,
captured data collected by the image capturing unit 26,
image data generated by the reconstructing unit 27, and
image data generated by the computing unit 28, for example.

The display unit 24 1s a monitor, and displays various
types ol information in the medical image diagnostic appa-
ratus 20 as a console monitor of the medical 1mage diag-
nostic apparatus 20. For example, the display unit 24 dis-
plays a graphical user interface (GUI) for receiving an
operation for the medical image diagnostic apparatus 20,
and 1image data generated by the reconstructing unit 27 and
the computing unit 28 while 1mages are being captured or
alter the 1mages are captured. The mput umit 25 1s a mouse,
a keyboard, a trackball, and the like, and receives an
operation to the medical image diagnostic apparatus 20 from
an operator.

The 1mage capturing unit 26 captures an image of a
subject by controlling the hardware of the medical image
diagnostic apparatus 20 based on predetermined image
capturing conditions to collect captured data. For example,
when the medical image diagnostic apparatus 20 1s an X-ray
diagnostic apparatus, when a pressing operation on a button
for starting capturing an image 1s received from an operator,
the 1mage capturing unit 26 captures images of the subject
by controlling the C-arm and the X-ray tube, and receives X
rays passed through the subject by controlling a detector.
The 1image capturing unit 26 according to the first embodi-
ment captures a subject, and collects captured time-series
image data.

The reconstructing unit 27 generates 1mage data by recon-
structing captured data collected by the image capturing unit
26. For example, the reconstructing unit 27 reconstructs
time-series image data from captured time-series 1mage data
collected by the image capturing unit 26 to generate time-
series 1mage data.

The computing unit 28 applies 1mage processing to the
image data reconstructed by the reconstructing unit 27. For
example, when the medical image diagnostic apparatus 20 1s
an X-ray computed tomography (CT) apparatus, the com-
puting unit 28 converts image data being slice 1mages
reconstructed by the reconstructing unit 27 into volume data,
and applies 1mage processing such as aligning pieces of
image data and extracting specific regions, and then per-
forms a volume rendering process.

When different operations are recerved from the medical
image diagnostic apparatus 20 and from the mobile terminal
30 and received operations are to be processed in parallel,
the remote apparatus computing unit 29a dedicatedly per-
forms a process for the mobile terminal 30. For example,
when different operations are received from the display umit
24 of the medical image diagnostic apparatus 20 (console
monitor; also referred to as a local display) and from a
display unit 34 of the mobile terminal 30 (remote display),
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and the receirved operations are to be processed in parallel,
the remote apparatus computing unit 29q dedicatedly per-
forms a process for the remote display. In such a case,
different content 1s displayed on the local display and the
remote display, and different operations are performed in
parallel, for example. When the medical image diagnostic
apparatus 20 1s enabled to be controlled from both of the
local display and the remote display, the local display and
the remote display may be controlled so that only one of the
local display and the remote display has the control. For
example, when the mobile terminal 30 has the control, any
operation 1s not permitted on the local display for the
time-series image data collected by and stored 1n the medical
image diagnostic apparatus 20, and only operations on the
remote display are valid.

The mobile terminal 30 1s a PC, a tablet PC, or a personal
digital assistant (PDA), a mobile phone, or the like. As
illustrated 1n FIG. 2, the mobile terminal 30 includes a
communicating umt 31, a mobile terminal controller 32, an
input unit 33, a display unit 34, a storage umt 35, and a
medical image diagnostic apparatus remote controller 36a.

The communicating unit 31 is an interface on the mobile
terminal 30 connecting to the in-hospital LAN or the Inter-
net via a wireless access point or the like, and communicates
with the medical image diagnostic apparatus 20. The mobile
terminal controller 32 1s an electronic circuit such as a CPU
or an MPU, or an integrated circuit such as an ASIC or an
FPGA, and controls the overall processing units included 1n
the mobile terminal 30. The mobile terminal controller 32
includes a replaying unit 32a and a time-series 1mage data
editing unit 325.

The replaying unit 32a receives time-series 1mage data
distributed by the medical image diagnostic apparatus 20,
and replays the received time-series image data on the
display unit 34 in real time. The time-series 1mage data
editing unit 325 recerves an editing operation for time-series
image data being replayed by the replaying unit 32a, and
reflects the received editing operation to the time-series
image data replayed by the replaying unit 32a. For example,
when an operation of drawing an ROI for time-series image
data currently being replayed is received, the time-series
image data editing unit 325 displays the ROI thus received
on the time-series 1mage data being displayed. An editing
operation received by the time-series image data editing unit
32H may also be stored in the storage unit 35.

The 1nput umt 33 1s a touch panel, a special button, a
gyrosensor, and the like, and receives an operation for the
mobile terminal 30 from an operator. The display unit 34 1s
a liquid crystal panel, for example, and displays various
types of information 1n the mobile terminal 30 as a display
unit of the mobile terminal 30 (remote display). For
example, the display umt 34 displays image data received
from the medical image diagnostic apparatus 20 and a GUI
for recerving an operation for the medical image diagnostic
apparatus 20, for example. When the mput unit 33 1s a touch
panel, the mput unit 33 may also function as the display unit
34. The storage unit 35 1s a hard disk, a semiconductor
memory, or the like, and stores therein various types of
information in the mobile terminal 30.

The medical image diagnostic apparatus remote controller
36a receives an operation related to the medical image
diagnostic apparatus 20, and controls the medical image
diagnostic apparatus 20 remotely by transmitting control
information indicating the received operation to the medical
image diagnostic apparatus 20. For example, the medical
image diagnostic apparatus remote controller 36a receives
an operation related to an 1mage capturing condition (for
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example, an operation designating the angle of the C-arm),
and transmits the information for setting the received image
capturing condition to the medical image diagnostic appa-
ratus 20. As another example, the medical image diagnostic
apparatus remote controller 36a receives editing information
for time-series 1mage data (for example, a drawing operation
of an ROI), and transmits the received editing information to
the medical 1mage diagnostic apparatus 20. The medical
image diagnostic apparatus 20 receives the editing informa-
tion transmitted by the mobile terminal 30, and reflects the
editing information to the time-series 1mage data currently
being replayed on the local display or saves the editing
information to the storage unit 23 as a background process,
for example. The editing information may also be stored 1n
the storage unit 35 1n the mobile terminal 30.

FIG. 3 1s a flowchart illustrating an example of the process
performed 1n the first embodiment. As 1llustrated 1n FIG. 3,
to begin with, 1n the medical image control system according
to the first embodiment, an examination or treatment 1s
started, and an 1mage starts being captured by the medical
image diagnostic apparatus 20 (Step S01).

From the viewpoint of security, a mutual authentication 1s
performed between the medical image diagnostic apparatus
20 and the mobile terminal 30 (Step S02). For example, the
medical 1image diagnostic apparatus 20 acquires an identi-
fication from the mobile terminal 30 and authenticates 11 the
counterpart 1s a trusted apparatus and vice versa.

To explain an example, a user of the mobile terminal 30
checks if the destination identification (ID) (the ID of the
medical 1image diagnostic apparatus 20) 1s registered (Step
S02-1). If the destination ID 1s registered (Yes at Step
S02-1), the user of the mobile terminal 30 makes an opera-
tion for selecting the registered destination 1D (Step S02-2).
If the destination ID 1s not registered (No at Step S02-1), the
user of the medical image diagnostic apparatus 20 makes an
operation so that a connection request 1s transmitted (e.g., so
that an email 1s transmitted) from the medical 1image diag-
nostic apparatus 20 to the mobile terminal 30 (Step S02-3).
The user of the mobile terminal 30 then makes an operation
for selecting the destination ID included in the connection
request (Step S02-4).

In response to the user of the mobile terminal 30 selecting
the destination ID, an uniform resource locator (URL)
associated with the destination ID 1s accessed, for example,
allowing the mobile terminal 30 to log-1n the medical image
diagnostic apparatus 20 (Step S02-5), and a connection 1s
established between the medical image diagnostic apparatus
20 and the mobile terminal 30 (Step S02-6). The process of
establishing a connection between the medical image diag-
nostic apparatus 20 and the mobile terminal 30 1s not limited
to the one described above, and may be realized using other
known authentication technologies.

The distributing unit 224 1n the medical image diagnostic
apparatus 20 then transmits time-series 1image data or other
types of content to the mobile terminal 30 (Step S03). For
example, the distributing unit 22a transfers the content
currently being replayed (or displayed) on the local display
to the mobile terminal 30 (Step S03-1). A known streaming
technology or progressive download technology, {for
example, 1s used in distributing time-series 1mage data, as
mentioned earlier.

To explain using a specific example, the distributing unit
22a distributes a menu for mmputting an i1mage capturing
condition to the mobile terminal 30, and the menu 1s
displayed on the remote display (Step S03-2). The user of
the mobile terminal 30 enters an 1image capturing condition,
such as a current or a voltage for an X-ray tube, for example,
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by entering a number or characters 1n the menu, for example.
The medical image diagnostic apparatus remote controller

364 1n the mobile terminal 30 then transmits the information
for setting the image capturing condition entered by the user
to the medical image diagnostic apparatus 20. The medical
image diagnostic apparatus 20 reflects the 1image capturing
condition, and then captures an 1image. In this manner, image
capturing performed by the medical image diagnostic appa-
ratus 20 can be controlled from the mobile terminal 30.

In addition, the distributing unit 22a transmits time-series
image data currently being replayed on the local display to
the mobile terminal 30, and the same time-series 1image data
on the local display is replayed on the remote display (Step
S03-3). The user of the mobile terminal 30 then enters an
image capturing condition such as a direction 1n which an
image 1s captured by dragging a mouse on the time-series
image data or by tilting the mobile terminal 30, for example.
The medical image diagnostic apparatus remote controller
36a included in the mobile terminal 30 then transmuits
information for setting the image capturing condition
entered by the user to the medical image diagnostic appa-
ratus 20. The medical image diagnostic apparatus 20 retlects
the image capturing condition, and captures an image. In this
manner, 1image capturing performed by the medical image
diagnostic apparatus 20 can be controlled from the mobile
terminal 30.

When the distributing umt 22a transmits time-series
image data other than the time-series 1image data currently
being displayed on the local display (e.g., time-series image
data stored 1n the medical image dlagnostlc apparatus 20) to
the mobile terminal 30, the time-series 1image data other than
the time-series 1mage data currently on the local display 1s
displayed on the remote display (Step S03-4). The user of
the mobile terminal 30 then draws an ROI on the time-series
image data, for example. The time-series image data editing
unit 325 1n the mobile terminal 30 stores the editing infor-
mation entered by the user in the storage unit 35 i the
mobile terminal 30, or the medical 1image diagnostic appa-
ratus remote controller 36a transmits the editing information
entered by the user to the medical image diagnostic appa-
ratus 20. In this manner, replaying conditions for replaying
time-series 1mage data distributed by the medical image
diagnostic apparatus 20 can be specified independently from
conditions for replaying time-series image data currently
being replayed by the medical image diagnostic apparatus
20, and the time-series 1mage data can be edited on the
mobile terminal 30.

Advantageous Ellects Achieved by First
Embodiment

In the manner described above, according to the first
embodiment, time-series 1mage data currently being cap-
tured by the medical image diagnostic apparatus 20 can be
replayed on the mobile terminal 30 1n real time. Further-
more, according to the first embodiment, conditions for
capturing 1mages 1n the medical image diagnostic apparatus
20 can be controlled from the mobile terminal 30. Further-
more, according to the first embodiment, time-series 1image
data distributed by the medical image diagnostic apparatus
20 can be edited on the mobile terminal 30. The medical
image control system does not necessarily need to include
all of these functions, and may include some of these
functions. For example, the system may only distribute
time-series 1mage data to the mobile terminal 30 1n real time,
without recerving any control for the 1mage capturing con-
ditions or any edition from the mobile terminal 30. Further-
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more, operations permitted on the mobile terminal 30 may
be controlled based on an access level defined for each user,

for example.

Second Embodiment

FIGS. 4 to 6 are schematics for explaiming the concept of

a medical 1mage control system according to a second
embodiment.

The medical image control system according to the sec-
ond embodiment includes an 1image processmg apparatus 10
and an external display apparatus 40, 1n addition to the
medical 1mage diagnostic apparatus 20 and the mobile
terminal 30, as illustrated in FIG. 4. A destination of the
time-series 1mage data distributed by the medical image
diagnostic apparatus 20 i real time 1s changed to the
external display apparatus 40, and other content related to
the time-series 1image data distributed to the external display
apparatus 40 (hereinafter, referred to as related content) 1s
distributed from the image processing apparatus 10 to the
mobile terminal 30 simultancously. Information for i1denti-
tying the related content i1s transmitted from the medical
image diagnostic apparatus 20 to the image processing
apparatus 10.

The external display apparatus 40 1s a television (1V) or
a PC, for example, and has a display umit with a larger screen
than the display unit 34 on the mobile terminal 30, for
example. The time-series 1mage data distributed by the
medical 1image diagnostic apparatus 20 1s displayed on the
external display apparatus 40 with a larger screen. The
mobile terminal 30 receives related content from the 1image
processing apparatus 10, and displays the related content.

An example of the related content will now be explained.
For example, the medical image diagnostic apparatus 20
identifies the position of a catheter by analyzing the time-
series 1mage data collected locally, through 1mage process-
ing, and 1dentifies a region of a coronary artery to be treated
from the identified position of the catheter. The medical
image diagnostic apparatus 20 then notifies the 1image pro-
cessing apparatus 10 of a coronary artery 1D indicating the
identified region of the coronary artery. The image process-
ing apparatus 10 then retrieves image data that 1s an analysis
result of the coronary artery 1dentified by the coronary artery
ID from past image data related to the same subject and
stored locally, and transmits the retrieved image data to the
mobile terminal 30 as related content. As a result, time-
series 1mage data of the region of the coronary artery
currently being treated 1s displayed on the external display
apparatus 40 with a larger screen, and a result of a past
analysis of the region of the coronary artery of the same
patient 1s displayed on the mobile terminal 30. The user of
the mobile terminal 30 can then check the time-series 1image
data representing the current treatment, while referring to the
result of a past analysm performed on the region of the
coronary artery of the patient currently being treated. This
embodiment 1s eflective when the display unit 34 on the
mobile terminal 30 1s small, for example.

As another application, the medical image control system
according to the second embodiment controls to synchronize
time-series image data and related content distributed 1n real
time, as 1illustrated in FIG. S.

For example, the image processing apparatus 10 controls
to synchronize the positions where the time-series 1mage
data and the related content distributed in real time are
displayed using position information mcluded in the time-
series 1mage data distributed in real time (e.g., a region being
treated or an observation direction). For example, the medi-
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cal image diagnostic apparatus 20 i1dentifies a region of the
coronary artery being treated, notifies the 1mage processing
apparatus 10 of the coronary artery ID, and noftifies the
image processing apparatus 10 of the information about the
angle of the C-arm of the medical image diagnostic appa-
ratus 20 being an X-ray diagnostic apparatus. The image
processing apparatus 10 then retrieves 1image data that 1s an
analysis result of the coronary artery identified by the
coronary artery ID from the past image data related to the
same subject and locally stored, and generates 1image data
from the retrieved 1image data based on the notified angle of
the C-arm. The 1mage processing apparatus 10 then distrib-
utes the generated 1mage data to the mobile terminal 30.

As a result, time-series 1mage data representing the region
ol the coronary artery currently being treated 1s displayed on
the external display apparatus 40 with a larger screen in real
time, and a result of a past analysis conducted on the region
of the coronary artery of the same patient 1s displayed on the
mobile terminal 30 as an analysis result observed from the
same observation direction. In other words, an 1mage of an
analysis result having positions to be displayed synchro-
nized 1s distributed to the mobile terminal 30.

Furthermore, for example, the 1mage processing appara-
tus 10 controls to synchronize the timing at which the
time-series 1image data and the related content distributed in
real time are displayed, using temporal information included
in the time-series 1image data distributed 1n real time (e.g.,
biological information such as an electrocardiogram (ECG)
or respiration). For example, the medical image diagnostic
apparatus 20 acquires the ECG of the subject, and transmits
the ECG (or the timing of a major wave (e.g., R wave)) to
the 1mage processing apparatus 10. The 1image processing
apparatus 10 then controls so that the past image data related
to the same subject 1s displayed at the timing of the ECG
received from the medical image diagnostic apparatus 20.
The 1mage processing apparatus 10 then distributes the
image data having timing controlled to the mobile terminal
30.

As a result, time-series 1mage data of the region of the
coronary artery currently being treated 1s displayed 1n real
time on the external display apparatus 40 with a larger
screen, and a past analysis result of the region of the
coronary artery of the same patient 1s displayed on the
mobile terminal 30 in a manner synchronized with the
time-series 1mage data at the same ECG timing. In other
words, an 1mage of an analysis result having displayed
timing synchronized is distributed to the mobile terminal 30.

The positional synchronization or the timing synchroni-
zation may be controlled to be achieved 1n all of or some of
the console monitor of the medical image diagnostic appa-
ratus 20, the display of the mobile terminal 30, and the
display of the external display apparatus 40. Furthermore, all
types of information may be synchronized, or only a part of
information may be synchronized. Furthermore, the syn-
chronization may be achieved between the same types of
content, or between different types ol content.

As another application, in the medical 1mage control
system according to the second embodiment, the mobile
terminal 30 controls the time-series 1mage data currently
being displayed on the external display apparatus 40 via the
image processing apparatus 10 or the medical image diag-
nostic apparatus 20, as 1illustrated in FIG. 6. In other words,
when an 1mage capturing condition 1s entered or time-series
image data 1s edited on the mobile terminal 30, the infor-
mation 1s transierred to the medical image diagnostic appa-
ratus 20 via the 1image processing apparatus 10. By causing,
the medical 1image diagnostic apparatus 20 to capture or to
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edit an 1image based on the information, the control applied
from the mobile terminal 30 1s reflected to the time-series
image data distributed 1n real time from the medical image
diagnostic apparatus 20 to the external display apparatus 40.

For example, the mobile terminal 30 receives an operation
for designating an angle of the C-arm (by rotating the
volume rendering image currently being replayed or rotating
the mobile terminal 30 having a gyrosensor) or an operation
of drawing an ROI on the time-series 1mage data distributed
by the image processing apparatus 10, and transmits the
information thus received to the 1image processing apparatus
10, as 1illustrated in FIG. 6. When the information 1s
received, the image processing apparatus 10 transfers the
information thus received to the medical image diagnostic
apparatus 20. The medical 1image diagnostic apparatus 20
then reflects the information designating an angle of the
C-arm transierred by the image processing apparatus 10 to
the image capturing condition before capturing an image, for
example. The medical image diagnostic apparatus 20 also
reflects the ROI transferred by the image processing appa-
ratus 10 to the time-series 1mage data currently being
distributed, for example. The medical 1image diagnostic
apparatus 20 then displays the time-series 1mage data col-
lected based on the new 1mage capturing conditions on the
console monitor, and distributes the time-series 1image data
to the external display apparatus 40 1n real time. The ROI
drawn on the mobile terminal 30 1s then displayed in the
time-series 1mage data.

FIG. 7 1s a schematic for explaining an exemplary con-
figuration of the medical image control system according to
the second embodiment. In FIG. 7, the apparatuses and the
units surrounded by dotted lines are added to the exemplary
configuration according to the first embodiment. As 1llus-
trated 1n FIG. 7, the medical image diagnostic apparatus 20
turther 1includes a temporal synchronization signal process-
ing unit 296 and a positional synchronization signal pro-
cessing unit 29c¢.

The temporal synchronization signal processing unit 295
performs a process of synchronizing timing for displaying
the time-series 1mage data distributed to the external display
apparatus 40 and the related content distributed to the
mobile terminal 30. Specifically, the temporal synchroniza-
tion signal processing unit 295 transmits temporal informa-
tion of an object represented 1n the time-series 1mage data to
the 1mage processing apparatus 10. For example, the tem-
poral synchronization signal processing unit 295 acquires an
ECG of the subject, and transmits the ECG (or the timing of
a major wave (e.g., R-wave)) to the image processing
apparatus 10.

The positional synchronization signal processing unit 29¢
performs a process of synchronizing positions where the
time-series 1mage data distributed to the external display
apparatus 40 1s displayed and where the related content
distributed to the mobile terminal 30 1s displayed. Specifi-
cally, the positional synchromization signal processing unit
29¢ transmits position information of an object represented
in the time-series 1mage data to the i1mage processing
apparatus 10. For example, the positional synchronization
signal processing umt 29¢ identifies a region being treated
and an observation direction, and transmits the information
to the 1mage processing apparatus 10. When only the tem-
poral display synchronization, not both of the positional
display synchronization and the temporal display synchro-
nization, 1s to be achieved, mformation of the region being
treated 1dentified by the positional synchronization signal
processing unit 29¢ may be provided to the temporal syn-
chronization signal processing unit 295, and the temporal
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synchronization signal processing unit 2956 may notify the
image processing apparatus 10 of the information as
required.

As 1llustrated 1n FIG. 7, the mobile terminal 30 further
includes an 1mage processing apparatus remote controller
360, an external display apparatus remote controller 36c¢, a
positional synchronization controller 37a, and a temporal
synchronization controller 375.

The 1mage processing apparatus remote controller 365
remotely controls the image processing apparatus 10 by
receiving an operation related to the image processing
apparatus 10, and transmitting the control information indi-
cating the received operation to the 1image processing appa-
ratus 10, in the same manner as the medical 1mage diagnos-
tic apparatus remote controller 36a. For example, the image
processing apparatus remote controller 365 receives an
operation related to related content, and transmits the control
information indicating the received operation to the image
processing apparatus 10.

The external display apparatus remote controller 36c¢
remotely controls the external display apparatus 40 by
receiving an operation related to the external display appa-
ratus 40, and transmitting the control information indicating,
the received operation to the external display apparatus 40,
in the same manner as the medical image diagnostic appa-
ratus remote controller 36a. The mobile terminal 30 and the
external display apparatus 40 may be connected directly. In
such a case, the mobile terminal 30 functions as a so-called
remote controller for operating the external display appara-
tus 40.

For a piece of related content to be replayed on the mobile
terminal 30, the positional synchronization controller 37a
control synchronization of positions where the content is
displayed, and the temporal synchronization controller 3756
control a synchronization of timing at which the content 1s
displayed. Explained 1n sequence charts to be explained later
1s an example in which the 1image processing apparatus 10
controls the synchronization of positions where content 1s
displayed, and the synchronization of timing at which the
content 1s displayed. In other words, explained 1s an example
in which the image processing apparatus 10 synchronizes
positions where and timing at which the content 1s displayed
before distributing the related content to the mobile terminal
30. However, the embodiment 1s not limited thereto, and the
mobile terminal 30 may control the positional synchroniza-
tion of where the content 1s displayed and the temporal
synchronization at which the content 1s displayed. For
example, the positional synchronization controller 374 and
the temporal synchromization controller 376 may respec-
tively receive position information and temporal informa-
tion, as well as related content from the 1mage processing,
apparatus 10, and may control replaying the related content
using the position information and the temporal information.

As 1llustrated 1n FIG. 7, the image processing apparatus
10 includes a communicating unit 11, a main unit controller
12, a storage unit 13, an 1mage processing unit 14, and an
application managing unit 15. The communicating unit 11 1s
an 1nterface on the 1image processing apparatus 10 connect-
ing the i-hospital LAN. The communicating unit 21 con-
nects to the hospital LAN or to the Internet external to the
hospital via network devices such as a hub, and communi-

cates with the medical image diagnostic apparatus 20 and
the mobile terminal 30.

The main unit controller 12 1s an electronic circuit such as
a CPU or an MPU or an integrated circuit such as an ASIC
or an FPGA, and controls the overall processing units
included in the image processing apparatus 10. The main
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umt controller 12 includes a distributing unit 12a. The
distributing unit 12a 1dentifies a piece of related content
from a group of content stored in the storage unit 13 based
on information received from the medical image diagnostic
apparatus 20 (for example, an examination 1D, a patient 1D,
or the like may be recerved in addition to the position
information), and distributes the identified related content 1n
real time to the mobile terminal 30 using a push-based
technology. The distributing unit 12a may be realized using
a known streaming technology or progressive download
technology, for example.

The distributing unit 12a controls distribution of the
related content based on the position information recerved
from the medical 1image diagnostic apparatus 20 so that an
object represented in the related content distributed to the
mobile terminal 30 1s positionally synchronized with the
object represented 1n the time-series 1image data distributed
to the external display apparatus 40. The distributing unit
12a controls distribution of the related content based on the
temporal information received from the medical 1mage
diagnostic apparatus 20 so that an object represented 1n the
related content distributed to the mobile terminal 30 1s
temporally synchronized with the object represented 1n the
time-series 1mage data distributed to the external display
apparatus 40.

The storage umit 13 1s a hard disk, a semiconductor
memory, or the like, and stores therein various types of
information in the image processing apparatus 10. The
image processing unit 14 applies image processing to image
data input to the 1mage processing apparatus 10. The appli-
cation managing unit 15 manages applications installed 1n
the 1image processing apparatus 10. For example, the appli-
cation managing unit 15 starts an application for an analysis,
and executes an analysis on an 1image data input to the image
processing apparatus 10. In the second embodiment, the
result of the analysis 1s accumulated 1n the storage unit 13.

As 1llustrated 1n FI1G. 7, the external display apparatus 40
includes a communicating unmit 41, a main unit controller 42,
a display unit 43, a storage umt 44, an mput unit 45, and a
time-series 1mage data processing unit 46. The communi-
cating unit 41 1s an interface on the external display appa-
ratus 40, connects to the in-hospital LAN or to the Internet,
and communicates with the mobile terminal 30 and the
medical image diagnostic apparatus 20.

The main unit controller 42 1s an electronic circuit such as
a CPU or an MPU or an integrated circuit such as an ASIC
or an FPGA, and controls the overall processing units
included 1n the external display apparatus 40. While the
display unit 43 1s a monitor, and 1n the second embodiment,
it 1s assumed that the display unit 43 has a larger screen than
the display unit 34 on the mobile terminal 30, the embodi-
ment 1s not limited thereto. The storage unit 44 1s a hard disk,
a semiconductor memory, or the like, and stores therein
various types ol information in the external display appara-
tus 40. The mnput unmt 45 1s a remote controller, a mouse, a
keyboard, a trackball, and the like, and receives an operation
for the external display apparatus 40 from an operator.

The time-series 1mage data processing unit 46 receives
time-series 1mage data distributed by the medical image
diagnostic apparatus 20, and replays the received time-series
image data 1n real time. The time-series 1image data process-
ing unit 46 also receives an operation for editing the time-
series 1mage data being replayed, and reflects the editing
operation thus recerved to the time-series 1mage data. Such
an editing operation can be performed imndependently from
the time-series 1mage data captured by the medical image
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diagnostic apparatus 20. The time-series 1image data pro-
cessing unit 46 may also receive an editing operation from
the mobile terminal 30.

FIGS. 8 and 9 are sequence charts illustrating an example
of the processes 1n the second embodiment. FIG. 8 mainly
illustrates a process of establishing a connection between
these apparatuses, and FIG. 9 mainly 1llustrates a process of
distributing content. In actual operations, these processes are
generally performed continuously, because content 1s dis-
tributed after a connection is established between the appa-
ratuses.

(A)1s a process 1n which a connection 1s established to the
mobile terminal 30. As illustrated 1n FIG. 8, an operator
operating on the medical image diagnostic apparatus 20 (in
FIG. 8, an “internal user”) inputs an “external user connec-
tion request” requesting the medical image diagnostic appa-
ratus 20 to establish a connection to an external user (Step
S101). For example, the operator mputs an “external user
connection request”, along with the email address of the
external user.

The medical image diagnostic apparatus 20 then transmits
the “external user connection request” to the mobile terminal
30 used by the external user (Step S102). For example, the
medical image diagnostic apparatus 20 transmits the “exter-
nal user connection request” to the email address mput by
the 1nternal user via an email.

The mobile terminal 30 then notifies the user of the
mobile terminal 30 of reception of the “external user con-
nection request” (Step S103). The external user then per-
forms a log-1n operation on the mobile terminal 30 (Step
S104), and a user authentication 1s performed between the
mobile terminal 30 and the medical image diagnostic appa-
ratus 20 (Steps S105 and S106). For example, the external
user recerwving the email of the “external user connection
request” transmits a ‘“‘user authenticating request” (for
example, an ID and a password) to the medical image
diagnostic apparatus 20, by opening the email and accessing
the URL specified 1n the email, for example. When the user
authentication succeeds, the medical image diagnostic appa-
ratus 20 transmits an approval to the mobile terminal 30.

(B) 1s a process of distributing related content to the
mobile terminal. As 1llustrated in FIG. 8, the medical image
diagnostic apparatus 20 requests an apparatus identifier from
the 1mage processing apparatus 10 (Step S107), and receives
a reply (Step S108). The medical image diagnostic apparatus
20 then transmits the apparatus identifier of the image
processing apparatus 10 to the mobile terminal 30 (Step
S5109).

The mobile terminal 30 connects to the 1mage processing,
apparatus 10 by designating the apparatus identifier thus
received (Step S110). For example, the mobile terminal 30
stores therein an apparatus identifier and a URL 1n an
associated manner, and connects to the 1mage processing
apparatus 10 by designating and accessing the URL stored
in a manner associated with the received apparatus 1dentifier.

Upon receiving a connection from the mobile terminal 30,
the 1mage processing apparatus 10 1mitiates a session with
the mobile terminal 30, starts an application, and reads a
piece of related content (e.g. image data, an analysis result)
(Step S111). Although not illustrated 1n FIG. 8, the image
processing apparatus 10 may receive mformation for iden-
tifying the related content from the medical image diagnos-
tic apparatus 20 1n advance, and identify the related content
based on the information, for example. For example, the
image processing apparatus 10 receives information such as
an examination ID and a patient ID and information about a
region being treated from the medical image diagnostic
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apparatus 20 in advance, and retrieves past 1image data or
analysis results of the same patient based on the information.
The 1mage processing apparatus 10 then reads the retrieved
image data or the retrieved analysis results as related con-
tent.

The 1mage processing apparatus 10 then distributes the
related content to the mobile terminal 30 (Step S112). The
mobile terminal 30 displays the distributed related content
on the display unit 34 (Step S113). The related content may
be still image data, time-series 1image data, patient informa-
tion, an electronic medical record, or an examination report,
for example.

(C) 1s a process of distributing a time-series image data to
the external display apparatus in real-time. As illustrated in
FIG. 8, the mobile terminal 30 transmits a “destination
change request”, requesting to change the destination of the
distribution, to the medical image diagnostic apparatus 20
(Step S114). The medical 1image diagnostic apparatus 20
then responds to the request (Step S115).

The mobile terminal 30 then requests an apparatus 1den-
tifier from the external display apparatus 40 (Step S116), and
receives a reply (Step S117). The mobile terminal 30 then
transmits the apparatus identifier 1dentifying the external
display apparatus 40 which 1s a changed destination to the
medical 1mage diagnostic apparatus 20 (Step S118). If the
medical 1mage diagnostic apparatus 20 does not have any
information for accessing the external display apparatus 40,
the mobile terminal 30 may transmit the information for
accessing the external display apparatus 40 when the mobile
terminal 30 transmits the apparatus i1dentifier at Step S118,
for example.

The medical image diagnostic apparatus 20 then connects
to the external display apparatus 40 notified by the mobile
terminal 30 (Step S119), and starts distributing time-series
image data 1n real time (Step S120). The external display
apparatus 40 then replays the time-series image data dis-
tributed by the medical image diagnostic apparatus 20 on the
display unit 43 (Step S121).

(A) mn FIG. 9 1s a process of synchromzing positions
where the content 1s displayed. As illustrated 1n FIG. 9, the
medical 1mage diagnostic apparatus 20 extracts a coronary
artery currently being treated, by analyzing the time-series
image data (Step S201). The medical image diagnostic
apparatus 20 then notifies the image processing apparatus 10
of position information indicating the coronary artery, such
as a coronary artery ID or an angle of the C-arm (Step S202).
The medical image diagnostic apparatus 20 may also pro-
vide other information required to identily related content.

The mmage processing apparatus 10 then retrieves an
analysis result of the coronary artery thus specified from past
image data accumulated locally or in other apparatuses,
using the mformation notified by the medical image diag-
nostic apparatus 20 (Step S203). At this time, the 1mage
processing apparatus 10 adjusts the angle of the coronary
artery represented in the analysis result based on the angle
of the C-arm received from the medical image diagnostic
apparatus 20, so that objects represented in the analysis
result distributed to the mobile terminal 30 are positionally
synchronized with the objects represented 1n the time-series
image data distributed to the external display apparatus 40.

The 1mage processing apparatus 10 then distributes the
analysis result to the mobile terminal 30 (Step S204). The
mobile terminal 30 then display the analysis result on the
display unit 34 (Step S205). The medical image diagnostic
apparatus 20 distributes time-series 1mage data to the exter-
nal display apparatus 40 1n real time (Step S206), and the
external display apparatus 40 displays the time-series image
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data on the display umt 43 (Step S207). In this manner,
objects represented 1n the analysis result distributed to the

mobile terminal 30 are positionally synchronized with the
objects represented 1n the time-series image data distributed
to the external display apparatus 40.

(B) 1s a process of synchronizing the timing at which the
content 1s displayed. As illustrated in FIG. 9, the medical
image diagnostic apparatus 20 acquires an ECG from the
subject (Step S208). The medical image diagnostic appara-
tus 20 then notifies the image processing apparatus 10 of the
temporal information such as the ECG (Step S209). The
medical 1image diagnostic apparatus 20 may also provide
other information required to i1dentify related content.

The 1image processing apparatus 10 then retrieves time-
series 1mage data being an analysis result from the past
image data accumulated locally or in other apparatuses,
using the information notified by the medical image diag-
nostic apparatus 20 (Step S210). At this time, the 1mage
processing apparatus 10 adjusts the timing at which objects
represented 1n the time-series 1mage data of the analysis
result are displayed, so that objects represented in the
time-series 1mage data of the analysis result distributed to
the mobile terminal 30 are temporally synchronized with the
objects represented in the time-series 1mage data distributed
to the external display apparatus 40, in other words, so that
these objects match the ECG received from the medical
image diagnostic apparatus 20.

The 1mage processing apparatus 10 then distributes the
analysis time-series image data having display timing
matched to the ECG to the mobile terminal 30 (Step S211).
The mobile terminal 30 then displays the time-series image
data on the display unit 34 (Step S212). The medical image
diagnostic apparatus 20 distributes time-series 1mage data to
the external display apparatus 40 in real time (Step S213),
and the external display apparatus 40 displays the time-
series 1mage data on the display unit 43 (Step S214). In thas
manner, objects represented 1n the time-series image data of
the analysis result distributed to the mobile terminal 30 are
temporally synchronized with the objects represented in the
time-series 1mage data distributed to the external display
apparatus 40.

Variation of Second Embodiment

The second embodiment 1s not limited to the embodiment
described above. For example, an exemplary configuration
of the medical image control system according to the second
embodiment 1s 1llustrated 1n FIG. 7. However, the configu-
ration including all of these apparatuses and the units 1s not
mandatory, and a configuration having only some of the
apparatuses and the units 1s still possible. Furthermore, for
example, a synchronizations of positions where or timing at
which content 1s displayed 1s not a mandatory feature.

Furthermore, the processes illustrated in FIGS. 8 and 9
may be modified as appropriate. For example, the authen-
ticating process explained in (A) 1n FIG. 8 may be omitted,
or modified to a diflerent process. For example, the process
may be modified to a process for requesting an external user
to establish a connection. Furthermore, the process illus-
trated 1n (B) in FIG. 8 may start from distributing time-series
image data 1 real time to the mobile terminal 30, for
example, and then the destination may be changed to the
external display apparatus 40 1n response to a request 1ssued
by the mobile terminal 30. In such a case, the external
display apparatus 40 may receive distribution of time-series
image data reflected with an edition made on the mobile
terminal 30. Furthermore, only one of the processes
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explained in (A) and (B) 1n FIG. 9 may be performed, for
example. Furthermore, the information provided to the
image processing apparatus 10 as the position information or
the temporal information may be changed in any way.
Furthermore, the related content and the time-series 1image
data may be displayed oppositely in real time. In other
words, time-series 1mage data may be distributed to the
mobile terminal 30 1n real time, and related content may be
distributed to the external display apparatus 40. In such a
case, the mobile terminal 30 requests a change of the
destination from the image processing apparatus 10.

The external display apparatus 40 does not necessarily
need to have a larger screen compared with the mobile
terminal 30, and may also be another mobile terminal.
Furthermore, explained i the second embodiment 1s an
example where the medical image diagnostic apparatus 1s
provided 1n singularity, the 1image processing apparatus 1s
provided 1n singularity, the mobile terminal 1s provided in
singularity, and the external display apparatus 1s provided 1n
singularity. However, the embodiment 1s not limited thereto.
In a configuration in which a plurality of medical image
diagnostic apparatuses, a plurality of i1mage processing
apparatus, a plurality of mobile terminals, and a plurality of
external display apparatuses are connected over a network,
some ol the apparatuses may communicate with each other,
and display content after synchronizing the positions where
or timing at which the content 1s displayed. Furthermore, 1n
such a case, a temporary condition of being edited on a given
apparatus may be carried over another apparatus. In other
words, editing information received on a given apparatus
may be transmitted to another apparatus over the network,
and may be reflected on the apparatus.

FIG. 10 1s a schematic for explamning a varniation of the
second embodiment. As illustrated 1n FIG. 10, time-series
image data in which an operation site (e.g., a medical front
such as an operation room) 1s captured may be distributed as
time-series 1mage data in real time as well. Furthermore, as
illustrated 1n FIG. 10, biological information may be also
distributed 1n real time as well. As 1llustrated in FIG. 10, for
example, the external display apparatus 40 receives all of
time-series 1mage data in which a subject 1s captured,
time-series image data in which an operation site 1s captured,
and biological information via a real-time distribution, and
display all of the time-series image data and the information

in a single display.

Advantageous Ellects Achieved by Second
Embodiment

As described above, according to the second embodiment,
because time-series 1image data distributed 1n real time 1s
received by and displayed on one apparatus and distribution
ol content related to the time-series 1mage data 1s received
and displayed on another apparatus (for example, on a
mobile terminal), a user of the mobile terminal can support
medical interventions remotely, while looking at a plurality
of pieces of information. Furthermore, content displayed on
the mobile terminal, the medical image diagnostic apparatus,
and the external display apparatus can be synchronized, and
editions and operations can be shared among the content
displayed on the mobile terminal, the medical image diag-
nostic apparatus, and the external display apparatus, center-
ing around a server such as the image processing apparatus.

Third Embodiment

A medical image control system according to a third
embodiment ensures safety by limiting functions that are
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made available for a remote control. Specifically, the medi-
cal image diagnostic apparatus 20 (local side) retains a risk
table 1n which a risk level 1s associated with an operation
type and a limitation applied to such an operation. When the
medical image diagnostic apparatus 20 receives an operation
from the mobile terminal 30 (remote side), the medical
image diagnostic apparatus 20 refers to the risk table and
controls the operation performed by the operator (remote
user) of the mobile terminal 30. The medical image control
system according to the third embodiment has the same
configuration as the medical image control system according
to the first and the second embodiment, and can be applied
to the medical 1image control system according to first and
the second embodiment.

FIG. 11 1s a schematic for explaining the risk table in the
third embodiment. The exemplary risk table illustrated in
FIG. 11 1s merely an example, and may be modified in any
way depending on how the system 1s operated. For example,
the medical image diagnostic apparatus 20 stores the risk
table 1n the storage umit 23. The risk table makes an
association between a risk level, a function (operation), and
a limitation applied to the operation, for example, as 1llus-
trated 1n FIG. 11. For example, a risk level “A” 1s a level that
could be extremely harmiul to a human body, “B” 1s a level
that could be harmful to a human body, and “C” 15 a level
less harmiul to a human body.

For example, “start capturing image” as a function (opera-
tion) 1s associated with the risk level “A”. For example, 1
the medical 1mage diagnostic apparatus 20 starts capturing
an 1mage at timing not itended by a local user, the C-arm
may suddenly starts operating or irradiation of X rays may
be started suddenly. Therefore, a risk to a human body 1s
extremely high. Hence, it 1s preferable to apply a limitation
to a remote user for such an operation. Therefore, “operation
not permitted” 1s stored 1n a manner associated with the
“start capturing image” 1n the risk table. Similarly, for
example, “change 1mage conditions while capturing 1image”™
1s associated with the risk level “B” as a function (opera-
tion). A remote user 1s permitted to make such an operation,
provided that the remote user 1s approved of such an
operation by a local user. For example, “make operations on
stored 1mage” 1s associated with the risk level “C” as a
function (operation). Because such an operation 1s less
harmiul, 1t 1s not necessary to apply a limitation to a remote
user. Therefore, “operation permitted” 1s stored in the risk
table 1n a manner associated with “make operations on
stored 1mage”.

In such a configuration, when control nformation 1s
received from the mobile terminal 30, the reflecting unit 225
in the medical image diagnostic apparatus 20 refers to the
risk table, identifies the risk level of the operation designated
in the control information, and controls to reflect a limitation
to the process performed by the medical image diagnostic
apparatus 20 based on the limitation associated with the
identified risk level.

FIGS. 12 and 13 are schematics for explaining limitations
in the functions made available for remote control 1n the
third embodiment. As 1llustrated in FIG. 12, 1t 1s assumed
that a local user operating the medical 1image diagnostic
apparatus 20 draws an ROI on time-series image data being
replayed on the console monitor, for example (S1). The
time-series 1mage data on which the ROI 1s drawn 1s
distributed to the mobile terminal 30 (S2). The mobile
terminal 30 then receives an edition of the ROI as an editing,
operation to the time-series 1image data, for example (S3),
and transfers the editing information thus received to the
medical image diagnostic apparatus 20 (S4). At this time, the
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reflecting unit 2256 according to the third embodiment refers
to the risk table, evaluates the risk level of the operation
(edition of the ROI) specified 1n the control information, and
determines that the risk level 1s “B”, for example (S5).

In the third embodiment, the risk level “B” 1s a level
permitting an operation to be executed, provided that a local
user approves of such an operation. Therefore, the reflecting
unit 225 displays the ROIs in different visual attributes (e.g.,
in different colors, different shapes, or combination thereot),
for example, on the time-series 1mage data replayed on the
console monitor to enable the ROI drawn by the local user
and the ROI edited by the remote user to be distinguished
(S6). For example, in FIG. 12, the reflecting unit 225
displays a comparative image. In the comparative image, the
ROI drawn by the local user i1s represented as an oval 1n a
dotted line, and the ROI edited by the remote user is
represented as a rectangle 1n a solid line. When the local user
approves, the local user can distinguish and compare these
ROls.

The local user then looks at the comparative image,
determines 11 the edition of the ROI made by the remote user
1s to be approved, and enters the result of the determination
to the medical image diagnostic apparatus 20. The retlecting
unit 225 then displays a resultant display window indicating
final resultant ROI, for example, based on whether the local
user approves. For example, when the edition 1s approved,
the reflecting unit 225 executes subsequent processes using
the ROI edited by the remote user. By contrast, 11 the edition
1s not approved, the reflecting unit 225 executes subsequent
processes using the ROI drawn by the local user.

Furthermore, as 1llustrated 1n FI1G. 13, for example, when
an editing operation of the ROI 1s managed with the risk
level “A” 1n the risk table, because the risk level “A” 15 a
level not permitting any operations by a remote user, the
reflecting unit 226 rejects the edition made by the remote
user, and executes the subsequent process using the ROI
drawn by the local user, without using the ROI edited by the
remote user (S6). For example, the reflecting unit 225
transfers the original image (in other words, the image
including the ROI drawn by the local user) to the mobile
terminal 30 (S7). The reflecting unit 225 may also transier
notification information indicating that such an operation
was not accepted, for example.

The third embodiment 1s not limited thereto. FIG. 14 1s a
schematic for explaining a variation of the limitation 1n the
functions made available for remote control in the third
embodiment. For example, before distributing time-series
image data to the mobile terminal 30, the distributing unit
22a 1n the medical image diagnostic apparatus 20 may refer
to the risk table, and may distribute an operation window in
which operations are limited as an operation window for
receiving an operation from the mobile terminal 30.

For example, 1n FIG. 14, 1t 1s assumed that an operation
window for receiving an operation 1s displayed on the
console monitor of the medical image diagnostic apparatus
20 or the display unit 34 of the mobile terminal 30, and the
operation window includes operation buttons each of which
1s for each function. For example, 1t 1s assumed that a
“function 17 1s an operation button for executing an opera-
tion at a risk level “A”, a “function 2 1s an operation button
for executing an operation at a risk level “B”, and a
“function 3” 1s an operation button for executing an opera-
tion at a risk level “C”.

For example, because every local operation 1s permitted,
the medical image diagnostic apparatus 20 displays all of the
operation buttons including the “function 17, the “function
27, and the “function 3” on the console monitor. Before
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distributing time-series 1mage data to the mobile terminal
30, the distributing unit 22a refers to the risk table, and

evaluates the risk level of each of the functions to be shown
in the operation window on the mobile terminal 30 (S1). The
distributing unit 22a then distributes an operation window
with a change applied so that the operation button for the
function corresponding to the risk level “A” 1s hidden on the
mobile terminal 30 (or in a manner not permitting any
operation) to the mobile terminal 30. For example, 1n FIG.
14, 1n the operation window displayed on the mobile termi-
nal 30, the operation button for the “function 17 1s hidden,
and the operation buttons for the “function 2”7 and the
“function 3”7 are shown (S2). Therefore, the remote user
operates the functions at the risk level “B” or “C”, and
transiers the result of editing (S3).

The medical 1image diagnostic apparatus 20 may also
stores therein a history of operations performed by a local
user and a remote user, a history indicating which operation
performed by a local user and a remote user 1s actually
applied, which local user approved an operation, and the
like. In such a case, the medical image diagnostic apparatus
20 may compare an operation performed by a local user with
an operation performed by a remote user, and evaluate the
difference, for example. Furthermore, the medical image
diagnostic apparatus 20 may also receive an operation for
reverting a process and reproduce a previous condition. For
example, 1 a remote user makes an operation (for example,
an operation at the risk level “C”) while the local user 1s out
of the seat, the local user might review the history accumu-
lated 1n the medical image diagnostic apparatus 20, and may
specily to revert the process to a condition applied with the
latest operation performed by the local user him/herself, for
example. When a designation of the history 1s received, the
medical image diagnostic apparatus 20 reproduces a condi-
tion 1n the designated history.

Explained 1n the third embodiment 1s an example 1n which
the medical 1image diagnostic apparatus 20 retains a risk
table and limits an operation performed by a remote user.
However, the embodiment 1s not limited thereto. For
example, an apparatus that i1s different from the medical
image diagnostic apparatus 20 may intermediate communi-
cations between the medical image diagnostic apparatus 20
and the mobile terminal 30, and may limit operations
performed by a remote user based on the risk table retained
by such an apparatus.

Other Embodiments

The medical image control system and the mobile termi-
nal according to the embodiment are not limited to the
embodiments described above.

Explained in the embodiments described above i1s an
example 1n which the medical image diagnostic apparatus 20
1s an X-ray diagnostic apparatus or an X ray CT apparatus.
However, the embodiment 1s not limited thereto. The medi-
cal image diagnostic apparatus 20 may also be a magnetic
resonance 1maging (MRI) apparatus, an ultrasonic diagnos-
tic apparatus, a single photon emission computed tomogra-
phy (SPECT) apparatus, a positron emission computed
tomography (PET) apparatus, a SPECT-CT apparatus, or a
PET-CT apparatus. Furthermore, the medical image diag-
nostic apparatus 20 may be replaced with a radiation treat-
ment apparatus such as that used for the Gamma Knife or the
CyberKmife. Furthermore, the functions explained to be
included 1n the medical image diagnostic apparatus 20 1n the
embodiments may be included 1n a different apparatus that
1s independent from the medical image diagnostic apparatus.

10

15

20

25

30

35

40

45

50

55

60

65

20

For example, this different apparatus may be provided with
functions of distributing time-series 1mage data in real time,

achieving temporal synchronization and positional synchro-
nization, without processing units such as an 1mage captur-
ing unit.

Furthermore, explained 1n the embodiment 1s an example
in which the 1mage processing apparatus 10 1s a workstation
(WS) 1in which applications for image processing and the
like are installed. However, the embodiment 1s not limited
thereto. The image processing apparatus 10 may be replaced
with an 1mage storage apparatus when a picture archiving
and communication system (PACS) 1s deployed, or replaced
with a radiotherapy planning apparatus.

Furthermore, explained 1n the embodiment 1s an example
in which the external display apparatus 40 1s a TV apparatus
or a PC. However, the embodiment 1s not limited thereto.
For example, the external display apparatus 40 may be
replaced with a mobile terminal that 1s separate from the
mobile terminal 30 on which the related content 1s displayed.

Furthermore, locations where the medical image diagnos-
tic apparatus 20 1s installed or where the mobile terminal 30
1s used 1s not limited to hospitals, and may also be 1n an
ambulance or outdoors such as a disaster site, for example,
as long as the location has an environment 1n which the
medical 1mage diagnostic apparatus 20 and the mobile
terminal 30 can communicate with each other directly or
indirectly. Furthermore, the second embodiment may also be
realized similarly as long as such a location has an envi-
ronment 1n which the medical image diagnostic apparatus 20
and the mobile terminal 30 can communicate with the image
processing apparatus 10 and the external display apparatus
40 directly or indirectly.

Furthermore, explained 1n the embodiment 1s an example
in which time-series 1mage data distributed in real time 1s
time-series 1mage data collected and generated by the medi-
cal image diagnostic apparatus 20. However, the embodi-
ment 1s not limited thereto. The time-series 1mage data
distributed 1n real time may also be replaced with time-series
image data capturing an Angio room, an operating room, or
inside of an ambulance, for example. Such a configuration 1s
achievable 1n an environment where the apparatus distrib-
uting time-series 1image data in real time and the mobile
terminal 30 can communicate with each other directly or
indirectly. Furthermore, explained in the embodiment 1s an
example 1 which time-series 1image data 1s replayed by the
mobile terminal 30. However, the embodiment 1s not limited
thereto. For example, still image data, electronic medical
records, examination reports, patient information, or the like
may be displayed on the mobile terminal 30. For example,
the external display apparatus 40 may display time-series
image data in real-time, and the mobile terminal 30 may
display information of the patient represented 1n the time-
series 1mage data.

Furthermore, explained 1n the embodiment 1s an example
in which the medical image diagnostic apparatus 20 and the
mobile terminal 30 are connected to each other indirectly
over the network 50. However, the embodiment 1s not
limited thereto. The medical image diagnostic apparatus 20
and the mobile terminal 30 may be connected to each other
directly.

OTHERS

The units included 1n the apparatuses are illustrated in the
drawings to schematically depict their functionality, and are
not necessary configured physically 1n the manner illustrated
in the drawings. In other words, specific configurations 1n
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which the apparatuses are distributed or integrated are not
limited to those illustrated 1n the drawings. The whole or a
part of the apparatuses may be distributed or integrated
functionally or physically 1n any units depending on various
loads or utilization. The whole or a part of the processing
functions executed 1 each of the apparatuses may be
realized as a CPU and a computer program parsed and
executed by the CPU, or realized as hardware using wired
logics.

Furthermore, the 1image processing method explained in
the embodiments may be realized by causing a computer
such as a PC or a workstation to execute 1image processing
program created 1n advance. The 1image processing program
may be distributed over a network such as the Internet.
Furthermore, the computer program may be recorded 1n a
computer-readable recording medium such as a hard disk, a
flexible disk (FD), a compact disk read-only memory (CD-
ROM), a magneto-optical (MO) disk, or a digital versatile
disk (DVD), and executed by causing a computer to read the
computer program irom the recording medium.

The medical image control system and the mobile termi-
nal according to at least one of the embodiments enable a
mobile terminal to support a medical intervention.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A medical image control system comprising:

a medical 1image diagnostic apparatus; and

a mobile terminal, wherein

the medical 1image diagnostic apparatus includes:

a memory configured to store theremn a type of an
operation related to the medical 1mage diagnostic
apparatus being associated with a limitation applied
to the operation;

collecting circuitry configured to capture a subject
based on a predetermined 1mage capturing condition
to collect time-series 1mage data;

distributing circuitry configured to distribute the time-
series 1mage data to the mobile terminal at least
when the collecting circuitry collects the time-series
image data; and

reflecting circuitry configured to receive control infor-
mation transmitted from the mobile terminal, and to
reflect the recerved control information to a process
performed by the medical image diagnostic appara-
tus

the mobile terminal includes:

replaying circuitry configured to receive the time-series
image data distributed by the distributing circuitry,
and to replay the received time-series 1mage data;
and

control information transmitting circuitry configured to
recerve an operation related to the medical image
diagnostic apparatus, and to transmit control infor-
mation indicating the received operation to the medi-
cal image diagnostic apparatus,

the reflecting circuitry 1s configured to, when control

information 1s received from the mobile terminal, con-
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trol to reflect a process performed by the medical image
diagnostic apparatus based on a limitation associated
with a type of an operation indicated by the recerved
control information, and
the limitation determines whether a type of an operation
1s permitted or not permitted.
2. The medical image control system according to claim
1, wherein
the reflecting circuitry 1s configured to receive setting
information of an i1mage capturing condition as the
control mnformation, and to reflect the received setting
information to the predetermined 1image capturing con-
dition to be used when the collecting circuitry captures
a subject, and
the control information transmitting circuitry 1s config-
ured to receive an operation related to the image
capturing condition, and to transmit received setting
information of the image capturing condition to the
medical 1image diagnostic apparatus.
3. The medical image control system according to claim
1, wherein
the reflecting circuitry 1s configured to receive editing
information for the time-series 1mage data as the con-
trol information, and to retlect the received editing
information to time-series 1mage data replayed by the
medical image diagnostic apparatus, and
the control information transmitting circuitry 1s config-
ured to receive an editing operation for the time-series
image data, and to transmit received editing informa-
tion indicating the editing operation to the medical
image diagnostic apparatus.
4. The medical image control system according to claim
1, wherein
the mobile terminal further includes time-series 1mage
data editing circuitry configured to receive an editing
operation for the time-series image data replayed by the
replaying circuitry, and to reflect the received editing
operation to the time-series 1mage data replayed by the
replaying circuitry.
5. The medical image control system according to claim
1, wherein
the memory 1s further configured to store therein a risk
table 1n which a risk level of a type of an operation 1s
associated with a limitation applied to the operation,
and
the reflecting circuitry 1s configured to, when the control
information 1s received from the mobile terminal, refer
to the risk table, to 1dentify a risk level of an operation
specified 1n the control information, and to control to
reflect the operation to a process performed by the
medical 1image diagnostic apparatus based on a limita-
tion associated to the i1dentified risk level.
6. The medical image control system according to claim
1, wherein
the memory 1s further configured to store therein a risk
table 1n which a risk level of a type of an operation 1s
associated with a limitation applied to the operation,
and
the distributing circuitry 1s configured to, before distrib-
uting the time-series image data to the mobile terminal,

refer to the risk table and distribute an operation
window 1n which operations are limited based on the
limitation, as an operation window for recerving the
operation on the mobile terminal.
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7. A medical image control system comprising:
a medical image diagnostic apparatus;
a managing apparatus;
a mobile terminal; and
a display apparatus, wherein
the medical image diagnostic apparatus includes:
collecting circuitry configured to capture a subject
based on a predetermined 1mage capturing condition
to collect time-series 1mage data;
distributing circuitry configured to distribute the time-
series 1mage data to the display apparatus used by a
user of the mobile terminal at least when the col-
lecting circuitry collects the time-series 1mage data;
and
notifying circuitry configured to notify the managing
apparatus configured to manage a group of related
image data of information for identifying related
image data related to the time-series 1mage data, the
related 1image data being image data of a past analy-
s1s performed on the subject,
the managing apparatus includes distributing circuitry
configured to distribute the related image data to the
mobile terminal based on the information notified by
the notifying circuitry,
the mobile terminal includes replaying circuitry config-
ured to receive the related time-series 1mage data
distributed by the distributing circuitry included 1n the
managing apparatus, and to replay the received related
time-series 1mage data, and
the display apparatus includes replaying circuitry config-
ured to receive the time-series 1image data distributed
by the distributing circuitry included in the medical
image diagnostic apparatus, and to replay the received
time-series 1mage data.
8. The medical image control system according to claim

7, wherein

the notifying circuitry included in the medical image
diagnostic apparatus 1s configured to provide informa-
tion related to a direction 1n which the medical 1image
diagnostic apparatus captures an image, and

the distributing circuitry included 1n the managing appa-
ratus 1s configured to distribute image data generated
from three-dimensional image and the information
related to the direction 1n which the image 1s captured
as the related 1image data.

9. The medical image control system according to claim

8, wherein

the distributing circuitry included in the medical image
diagnostic apparatus 1s configured to, when a request
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for designating the display apparatus as a destination 1s
recerved from the mobile terminal, distribute the time-
series 1mage data to the designated display apparatus.
10. The medical image control system according to claim

5 8, wherein
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the notifying circuitry included in the medical image
diagnostic apparatus 1s configured to provide position
information of an object represented 1n the time-series
image data, together with information for identifying
related time-series 1mage data that 1s related to the
time-series 1mage data, and

the distributing circuitry included in the managing appa-
ratus 1s configured to control distribution of the related
time-series 1mage data based on the position informa-
tion so that an object represented in the related time-
series 1mage data to be distributed to the mobile ter-
minal and an object represented in the time-series
image data distributed to the display apparatus are
positionally synchronized.

11. The medical image control system according to claim

8., wherein

the notitying circuitry included in the medical image
diagnostic apparatus 1s configured to provide temporal
information of an object represented 1n the time-series
image data, together with information for identifying
related time-series 1mage data that 1s related to the
time-series 1mage data, and

the distributing circuitry included in the managing appa-
ratus 1s configured to control distribution of the related
time-series 1image data based on the temporal informa-
tion so that an object represented in the related time-
series 1mage data to be distributed to the mobile ter-
minal and an object represented in the time-series
image data distributed to the display apparatus are
temporally synchronized.

12. The medical image control system according to claim

8, wherein

the display apparatus further includes time-series 1image
data editing circuitry configured to receive an editing
operation for the time-series image data replayed by the
replaying circuitry, and to retlect the received editing
operation to the time-series 1mage data replayed by the
replaying circuitry.

13. The medical image control system according to claim

25 12, wherein

the time-series 1mage data editing circuitry i1s configured
to receive the editing operation from the mobile termi-
nal.
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